derived from RES is favourable for both reduction of pollutant emissions to the atmosphere and water, and reduction of the volume of waste generated. This paper identifies the potential of biomass production for energy purposes in the region of Warmia and Mazury (Poland), which could be a key action for sustainable development of rural areas and investment activity.
in the case of small holdings being absorbed by the larger ones (over 15ha). These factors as well as significant human resources make the region favourable for such development.
In Warmia and Mazury the arable land accounts for 67.14% of the total area of agricultural land. Grassland includes permanent pastures (17.32%) and permanent meadows (12.48%). Podsolic and brown soils and luvisols predominate. The most favourable conditions for agriculture are found in the northern (predominance of brown soils) and north-western parts of the region, while the least favourable ones are in its southern part, where podsolic soils predominate.
The mixture of difficult agricultural conditions and the concentration of production in larger holdings are conducive to the development of biomass production for energy purposes.
The aim of this paper is to present the factors determining the production of biomass for energy purposes in Warmia and Mazury. Particular attention was paid to the factors affecting the development of the biomass market. Furthermore, on the basis of the opinions of regional biomass producers and processors, an attempt was made to predict changes in the demand for renewable energy within the next few years.
MATERIALS AND METHODS
Studies were based on a field survey conducted in 2012. The survey used questionnaires distributed to all 123 farmers who declared production of biomass for energy purposes (producers), as well as 30 entrepreneurs involved in biomass processing (processors) under the program Social and Economic Conditions for the Development of Ethanol Fuel Production from Biomass. The list of the research participants was based on information obtained from advisors of the Warmia and Mazury Agricultural Advisory Centre (W-MODR) in Olsztyn, which is involved in addressing the issues of RES development. Information provided by 108 producers and 27 processors was used for further analyses as 15 producers and 3 processors were no longer involved in such activities. The full survey questionnaires are available on the website of the Centre for Renewable Energy Research:
Concerning biomass producers: http://www.uwm.edu.pl/cbeo/wpcontent/uploads/2015/Kwestionariusz_OZE_ producenci.pdf. Concerning biomass processors http://www.uwm.edu.pl/cbeo/wp-content/uploads/2015/ Kwestionariusz_OZE_przetworcy.pdf. As part of our research, farmers involved in biomass production for energy purposes were asked to indicate and rate, on a 5-point scale (where 1 is the lowest score) the factors which they felt affect the present situation of the biomass production sector.
proportion of the demand for energy, assuming that highperformance biomass production and processing technologies are employed (Lampart and Kowalski 2010) . In Poland, biomass of agricultural origin makes up about 85% of RES (Stolarski 2012 ). This biomass is usually a byproduct of food production, which means that agriculture and energy production are closely related (Robles and Dalia 2011).
As noted by Jasiulewicz (2012) , potential profitability of biomass production for energy purposes is mostly dependent on both the prices of raw materials used for energy purposes and the guaranteed multiannual market for the biomass. The produced biomass should preferably originate from local sources, i.e. from agriculture, municipal waste or from industry. Where traditional crop cultivation for energy purposes or energy crop plantations are the basic options for producing agricultural biomass, an appropriate large-scale model of biomass production should be tested.
It is estimated that by 2020 biomass could provide approximately 2/3 of the declared share of energy generated from RES in the EU countries. The advantages of biomass include: constant availability (unlike solar energy or wind power), price competitiveness (cheaper than fossil fuels) and its suitability for generating electricity, heating and transport related purposes. Developing system for biomass production may benefit rural development (Zieliƒska 2008) .
The main measures being taken in Poland for the development of biomass energy include:
Subsidies to investors and bioenergy producers. Promotion of renewable fuels in transport between 2008-2014. Construction of agricultural biogas plants with the assumption that at least one biogas plant will be established in each commune by 2020. Development of technical facilities for biomass energy generation and processing (Lampart and Kowalski 2010) .
Factors influencing biomass production and processing in Warmia and Mazury
The development of renewable energy sources depends primarily on setting up an integrated system for biomass production and processing as well as on the energy distribution. We have identified the main restrictions affecting the development of renewable energy production:
Aversion of the public to the location of such projects in the neighbourhood. Low public awareness of the role and significance of RES. Lack of stable governmental support for this new area of economic activity. Lack of adaptation of the proposed technologies to the local conditions. High costs of installations. Problems associated with the connection of new installations to the power and heat supply networks. Lack of stable legal solutions that would encourage the activities of various groups of RES operators in the energy market. Underdeveloped power network in rural areas (Pyka 2007; Reniger-Biłozor and Gobczyƒski 2011) .
In Warmia and Mazury the biomass producers are mainly located in the western and north-eastern part of the region (Figure 1 ). Location of a plantation in relation to the potential reception points is an important element as transport costs are the most important factor affecting profitability. These include distance, material and processes involved (Zar´bski 2010) . Location of the producers and adjustment of the quality of raw materials to the demands of their processors determine satisfactory revenue of the producers. Entrepreneurs who purchase and process the biomass consider the north-western part of Warmia and Mazury as best suited for profitable production of the biomass. In the central part of the region only single processors are found, while in the central-northern and north-eastern part there are few producers and processors (Figure 1 ). Most activity is located in those parts of the region where the agricultural production area quality index (APAQI) is at an average level.
Other, equally important, restrictions affecting development of renewable energy production are:
Low level of prices for biomass. Lack of specialised equipment for cultivation and harvesting of the biomass. Lack of satisfactory equipment for biomass processing (Figure 2 ). Furthermore, producers felt they lacked knowledge on biomass production and satisfactory access to such information. Barriers restricting the development of biomass production might be minimised by more effective financial support to the biomass producers and by improved State policy on RES.
For the entrepreneurs involved in biomass transportation and processing the most important problems included poorly developed market and unsatisfactory prices of processed biomass, as well as frequent price fluctuations and the need for transportation of raw materials over long distances (Figure 3) . It is important to identify prospective demand for RES. According to Zieliƒska (2008) , the significance of RES is increasing. Producers envisage greater development of solar energy, followed by the energy produced from biomass and from the wind power (Figure 4) . What is particularly curious Biomass energy provides social and economic potential for the region which is economically neglected and has significant resources of agricultural land. Bearing in mind that the regional development is affected by external determinants (including predictability of socio-economic changes and policy in relation to rural areas), the greater attention needs to be focused on the local determinants. Prior to the integration of Poland with the EU there was an uncertain approach to rural development and reform, especially in economic and social areas. However, when Poland became an EU member, rural development policy became more predictable, which encourages development programmes as the potential risks are significantly reduced. For the above reasons, the national policy (correlated with the EU energy policy) may be seen to assist in supporting and correcting development processes. The particular role of integrated systems for acquiring and processing biomass for energy purposes primarily results from the need for efficient use of the resources existing in rural areas (mainly land and labour force).
In conclusion, local strategies and programmes must address the following issues:
The possibilities for long-term cooperation with the existing municipal heating plants as potential biomass receivers. The need for setting up systems for the production, harvesting and use of biomass within larger areas of administration (several communes or districts). Involvement of the local communities in developing the production and use of energy derived from RES, underlining the fact that biomass energy is not only a new trend in meeting energy needs but also promotes professional activation of the local populations and greater rural development.
it is the expectation for the development of the wind power, given the strong resistance of local communities to the location of wind farms in their area. For the processors the first 3 options of RES were rated similarly, whereas the entrepreneurs involved in purchasing, transporting and processing rated the development of wind energy lower than the producers. These entrepreneurs focused primarily on the use of straw, waste and biomass derived from perennial energy crops ( Figure 5 ).
SUMMARY AND CONCLUSIONS
In Poland there is a potential for the development of renewable energy using biomass of agricultural origin. This is consistent with the direction of the development of renewable energy in the European Union. The economic viability of renewable energy depends directly on subsidies provided for the production of renewable energy sources and on stable and favourable regulations for the sector.
